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Abstract 
Green open space planning in Indonesia is mostly based on its quantity requirement, not its effectivity to cool down the heated 
island cities. This study aimed to build a priority assessment method in determining green open space location based on 
characteristics of Banjarbaru City. GIS-based mapping analysis was executed from satellite imagery to determine land cover types, 
vegetation density (NDVI), and temperature humidity index (THI) as indicators. They were overlaid together with population 
density and land price. Scoring analysis was used to select the highest priority area to build new green open space. This method is 
also applicable to other tropical cities. 
© 2016 The Authors. Published by Elsevier B.V. 
Peer-review under responsibility of the organizing committee of LISAT-FSEM2015. 
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1. Introduction 
Urban heat island (UHI) describes the excess warmth of the urban atmosphere and surfaces compared to the non-
urbanized rural surroundings [1]. Elevated temperatures in urban heat island can increase the use of cooling energy 
and accelerate the formation of urban smog. Urban shade trees and light-colored surfaces can offset or reverse the 
heat island and conserve energy [2]. Green open space is part of urban open space, filled with plants, crops, and other 
green vegetation that give direct and/or indirect benefits such as health, feeling of safety, comfort, well-being, and 
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aesthetic value of the urban area [3,4]. Urban green open space should be part of any urban heat mitigation strategy 
[5]. The air temperature in an urban area could be as much as 2.5 Kelvin higher than its surrounding rural areas and 
the peak urban electric demand could rise by 2–4% for each 1 Kelvin rise in daily maximum temperature above a 
threshold of 15–20°C. Simple ways to cool down the air temperature are to use reflective surfaces (bright color 
rooftops and pavements) and planting of more vegetation/green open space [6].  
The provision of urban green open space in Indonesia is mostly based on total area (30% of green open space), 
population, oxygen demand, CO2 emissions, the needs for certain functions, and public perception [7,8,9,10]. 
However, these methods deliver different outputs about how much area is needed for green open space. These methods 
also could not determine the priority locations as the new additional green open space to reduce urban temperatures. 
Therefore, a new approaching method which is quick and more accurate with spatial representation, and capable to 
cover biological, physical, social, and economical aspect of the ‘heat island’ city to provide a prediction of priority 
locations as the new additional green open space. 
We apply this method to Banjarbaru City, South Kalimantan province, Indonesia, as a case study because this city 
has been experiencing UHI symptoms since the capital city of South Kalimantan was moved from Banjarmasin City 
to Banjarbaru City in 2011. The local weather service station of Banjarbaru City recorded the increase of average air 
temperature these recent years, from 27.8 ͼC in 2006 to 28.3 in 2014. The main reason why the capital city of South 
Kalimantan was moved is because Banjarmasin City has been too crowded with overpopulation and the air 
temperature is too hot for its citizens. Based from Central Statistics Bureau’s data, the population growth rate of 
Banjarbaru City is 4.88%, faster than the population growth average in South Kalimantan which is only 1.98%. If the 
population and air temperature of Banjarbaru City keep increasing while its urban planning system is still the same, 
like what had been applied in Banjarmasin City, there will be a possibility that Banjarbaru City can become the second 
Banjarmasin City in the future. Therefore, an earlier urban heat island mitigation is needed to prevent the effect of 
urban heat island furthermore by adding green open space in the right location where it is needed to be cooled down. 
2. Methods 
Banjarbaru City is a tropical city with total area is about 37,130 ha, located in South Kalimantan Province, 
Indonesia (coordinate: 3°28ƍS 114°45ƍE). It has five sub-districts in total: Banjarbaru Utara, Banjarbaru Selatan, 
Landasan Ulin, Liang Anggang, and Cempaka. Each district has 4 villages showed in Fig. 1. 
 
 
Fig. 1. Map of Banjarbaru City, South Kalimantan – Indonesia. 
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Stages of research consisted of data collection, spatial data transformation, and priority assessment analysis. We 
used Landsat 8 satellite imagery (path/row: 117/062, acquisition date: August 25th, 2014) and some statistical data 
from relevant state agencies (air temperature and relative humidity from the local weather station, population density 
from The Central Statistics Bureau of Banjarbaru City, and land price from The National Land Agency of Banjarbaru 
City). The satellite image was taken in the dry season. 
2.1. Spatial data transformation 
The spatial data transformation includes estimating land cover types, normalized difference vegetation index 
(NDVI), and temperature humidity index (THI) as shown in Fig. 2. 
 
Fig. 2. Spatial data transformation from Landsat 8 Imagery. 
Land cover types and vegetation index act as biological indicators. Land cover types were analyzed by using 
supervised classification method. Normalized Difference Vegetation Index (NDVI) is extracted from satellite image, 
then be reclassified and converted into vector data to be divided into five classes of vegetation density: very sparse 
(NDVI 20%), sparse (21-40% of NDVI), sufficient (41-60% of NDVI), dense (61-80% of NDVI), and very dense 
(NDVI 80%) [11]. Temperature humidity index (THI) acts as physical indicator and is converted from brightness 
temperature (Tb), land surface temperature (Ts), air temperature (Ta), and estimated relative humidity (RH). Tb and 
Ts are extracted from band 10 and band 11 of Landsat 8 imagery by using equations as follows [12,13]: 
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LȜ is spectral radiance. ML and AL are band-specific multiplicative rescaling factor and band-specific additive 
rescaling factor (extracted from the metadata). Qcal is the band digital number. K1 and K2 are band-specific thermal 
conversion constant from the metadata. Proportion of vegetation (Pv) and surface emissivity (İ) can be extracted from 
NDVI. w is the wavelength of emitted radiance, ȡ is 14 380 μmK (calculated from h.c/ı, where h is Planck’s constant, 
c is velocity of light, ı is Boltzmann’s constant). Air temperature measurement is executed by following surface 
energy balance equations as shown in Table 1. 
Table 1. Energy balance equations for air temperature measurement. 
No. Equation No. Equation 
1 
Rn = Rsnet + Rlnet  
 = Rsin –Rsout +Rlin –Rlout 
 = H + G + ȜE 
5 
G
Rn
=
Ts
Į
ሺ0.0038Į+0.0074Į2ሻ(1-0.98NDVI4) 
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3 
Į= 
Rsout
Rsin
= 
ʌ x LȜ x d
2
ESUNȜ x cos ș
 
 
ൌ
LȜ x Reflectance_Maximum
Radiance_Maximum x cos ș
 
7 Ta = Ts -
H x raH
ȡair x Cp

4 Rlout = İıTs4 8 raH= 31.9u-0.96 
 
Net radiation (Rn) is the sum of shortwave and longwave net radiation [14]. Shortwave radiation is reflected by the 
evaporating surface, can be estimated from Landsat 8 image by using visible bands 2, 3, 4 to calculate spectral radiance 
(ܮఒ), the median of bandwidth ( ͳ ܾܽ݊݀Τ  ), and albedo (ߙ). Albedo is the ratio between total shortwave radiation 
reflected (Rsout) and shortwave radiation received by earth’s surface (Rsin). ESUNȜ is mean of solar spectral 
irradiance, and ș is solar zenith angle (900 – sun elevation). Sun elevation, earth sun distance (d), Radiance_Maximum, 
and Reflectance_Maximum can be found in the satellite image metadata. Rlin values can be ignored for air temperature 
measurement. Soil heat flux (G) is a portion of the energy that is absorbed by the ground and can be calculated from 
net radiation (Rn), surface albedo (Į), and NDVI [15]. Bowen ratio (ȕ) is the ratio between sensible heat flux (H) and 
latent heat flux (ȜE) which defines how energy is distributed from the atmosphere to the surface [16]. The value of 
bowen ratio can be constant on different types of land cover as shown in Table 2 [17,18]. 
Table 2. Values of Bowen Ratio on different land cover types. 
Land Cover Type Bowen Ratio 
Water 0.1 
Bare land 4 
Urban/Residential area 1.5 
Agricultural land 0.5 
Irrigated paddy field 0.2 
Forest 0.3 
Other vegetation 0.5 
Wetland 0.2 
(5) 
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ȡair is defined as the density of air (1.27 Kgm-3), Cp is the speci¿c heat capacity of air at constant pressure (1004 
J Kg-1K-1), and raH is the aerodynamic resistance where u is the wind speed at 2 m above ground. The wind speed 
value for vegetation area, non-vegetated area and water area, are respectively 1.41 ms-1, 1.79 ms-1, and 2.01 ms-1 
[19]. Temperature humidity index (THI) describes the degree measure of comfort that is experienced by human from 
the combination of air temperature and humidity [20]. THI is calculated based on Nieuwolt equation as follows [21]. 
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2.2. Green open space priority assessment analysis 
Green open space priority assessment was aimed to determine the locations that could potentially be the new 
additional green open space based on vegetation density, temperature humidity index, population density and land 
prices. This method consisted of three steps: overlay analysis, scoring analysis (based on Table 3), and priority 
selection based on land price data. Overlay analysis is executed by overlaying all vector data: land cover types, NDVI, 
THI, population density, and land price. 
NDVI is widely used as an indicator of vegetative productivity. The standard value for NDVI refers to Dewanti et 
al. [11], while the standard value for THI in tropical cities refers to the study from Emmanuel [5]. Green open space 
should be developed in the locations with high air temperature to create a comfortable microclimate. Relative humidity 
(RH) can be estimated from the linear regression equation of air temperature and relative humidity [20], which in this 
study were obtained from the local government weather service of Banjarbaru City. Population density per square 
kilometer acts as a social indicator to determine the green space needs, while land price acts as economical indicator 
to estimate the economic value of the priority areas to be converted as green open space. All the indicators are 
reclassified and transformed into vector data, then overlaid together. In order to build the priority assessment method 
in determining new additional green open spaces, scoring method that based on the green open space needs is used as 
shown in Table 3.  
Table 3 Green open space priority assessment scoring. 
No. Indicator Criteria Score 
1 THI [5] 
21 – 24  1 
25 – 27  3 
>27 5 
2 Vegetation density [6] 
Very sparse 5 
Sparse 4 
Sufficient 3 
Dense 2 
Very dense 1 
3 Population density (people per square kilometer) 
Very sparse ( 500) 1 
Sparse (501 – 1500) 2 
Sufficient (1501 – 2500) 3 
Dense (2501 – 5000) 4 
Very dense (> 5000) 5 
 
The sum of total scores from THI, vegetation density, and population density was sorted from the highest to the 
lowest, where the highest score would be the first priority. The priority zones are reclassified based on its land price 
where the area with the cheapest land price will be the highest priority location to build the new additional green open 
space. 
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3. Results 
3.1. Spatial data formation 
x Vegetation index and land cover types 
NDVI Transformation can highlight the aspects of vegetation density ranged between -1 to +1. The basic principle 
of vegetation index transformation from satellite image describes the vegetation with various densities are located 
between vegetation lines and ground lines and indicated by the pixels from the satellite image [22]. The analysis 
result of Normalized Difference Vegetation Index (NDVI) showed the range of vegetation density between -0.320 
to 0.645. NDVI value İ 0 defines water body, such as rivers and lakes. The higher of NDVI value, the more dense 
of vegetation in the area would become. Land cover classification or multispectral analysis can show the 
distribution of each land cover type in the study area. Accuracy assessment is used to measure the compatibility 
between classification results with the real land cover conditions in the field. The minimum requirement of 
accuracy for land cover types classification to be called as accurate by 85% [23]. Non-vegetation by NDVI  0 
covered 124.8 Ha, the dense – very dense vegetation covered mostly in the suburban area of the city as shown in 
Fig. 3a. We identified 10 types of land cover as shown in Fig 3b: water, residential/urban area, bare land, forest, 
woody wetland, shrubland - herbaceous, shrubbed - herbaceous wetland, agricultural land (annual plants), mixed 
agricultural land (seasonal plants), and irrigated paddy field. The result of accuracy assessment showed 91%, 
which means the land cover analysis is valid to be used for further analysis. 
 
 
(a) (b) 
Fig. 3. (a) Vegetation density map of Banjarbaru City 2014 (b) land cover map of Banjarbaru City 2014. 
 
x Temperature humidity index 
Most recent studies have used land surface temperature recorded by remote sensing satellite as the physical 
indicator to determine urban heat island. In this study, temperature humidity index (THI) is used as a physical 
indicator to determine urban heat island because it describes the impact of air temperature and humidity toward 
human comforts [19]. THI’s calculation in remote sensing technology is developed based on two assumptions that 
cause the vegetation give out a cooling effect to their surrounding: (1) canopy trees resist the solar energy to 
penetrate through them, and (2) the leaves are doing evapotranspiration cause the micro-climate becomes cooler 
[22]. As shown in Fig. 2, THI is obtained from the estimated air temperature from Landsat 8 imagery and the 
estimated relative humidity. The estimated relative humidity was obtained by using the linear regression equation 
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from the records of average air temperature and relative humidity in the year of 2014 which were gotten from two 
local weather stations of Banjarbaru city (y = 320.7 - 8.818x, where y was the estimated relative humidity and x 
was the estimated air temperature). THI calculation result showed range between 21.82 - 27.96 oC. THI’s 
distribution of Banjarbaru city at year 2014 is presented in Fig. 4. 
 
Based on THI classification for tropical countries [5], THI value in Banjarbaru City was divided into three zones: 
the comfort zone with THI value range 21-24°C, covered mostly in the vegetated area (forest, shrubbed land, and 
agricultural land); the less comfort zone with THI value range 25 - 27°C, covered residential area, bareland, and 
most of the existing wetlands (paddy field in aqueous phase and shrubbed wetland); and the discomfort zone with 
THI > 27°C, were occured at the mixed of herbaceous wetland and swamp in the north region at sub-district of 
Liang Anggang. 
 
 
Fig. 4. Temperature humidity index map of Banjarbaru City 2014. 
 
x Population density and land price 
Banjarbaru City had a total population of 220177 citizens in 2013. Based on the data from the Central Statistics 
Bureau, the population in Banjarbaru City tend to be accumulated in the sub-district of Banjarbaru Utara and 
Banjarbaru Selatan as shown in Fig 5a. As the population doesn’t evenly distributed thorough Banjarbaru City, 
adding green open spaces might be hardly easy. The green open space design that matches the location 
characteristic is necessary, especially in the crowded area. From land cover types classification and NDVI analysis 
also showed that both sub-districts have a smaller vegetated area compared to other sub-districts. Land price data 
in this study were obtained from The National Land Agency of South Kalimantan Province (Fig. 5b). 
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(a) (b) 
Fig 5. (a) Population Density Map of Banjarbaru City 2013 (b) Land Price Map of Banjarbaru City 2014  
3.2. Green open space priority assessment analysis
In this method, the classification for THI and NDVI were made to be applicable to tropical cities [5, 11]. The 
classification of land cover types, population density, and land price were adapted based on Banjarbaru City’s 
characteristics. The overlay and scoring analysis toward all indicators gave two priority zones as shown in Fig 6. 
 
 
Fig. 6. Priority zone map of Banjarbaru City from scoring analysis. 
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High priority zones with total scores at 11-13 mostly consisted of residential/urban area and bare land with THI 
were less comfortable - uncomfortable, population density per square kilometer were dense - very dense, vegetation 
density were sparse - very sparse, and mostly found in sub-district of Banjarbaru Utara, Banjarbaru Selatan, and Liang 
Anggang. Moderate priority zones with total scores at 9-10 mostly consisted of residential/urban area, bare land, 
shrubbed and herbaceous wetland with THI were mostly less comfortable, population density varied from sparse - 
dense, vegetation density were sparse - sufficient, and mostly mostly found in sub-district of Banjarbaru Utara, 
Banjarbaru Selatan, Liang Anggang, and Cempaka. Both priority zones were converted into the new vector data which 
were reclassified based on the land price as showed in Fig. 7. 
 
 
Fig. 7. Green open space planning priority zone map of Banjarbaru City based on the land price. 
There are two reasons why we classified the priority zones based on land price: (1) to get as many recommended 
green open spaces as output, and (2) to describe the economic value of the priority area (opportunity cost) that would 
be lost if it were converted to be green open space. The priority zones with cheapest land price are shown in the red 
zone with the land price less than < 250000 IDR per square meter, followed by the orange zone with land price 251000 
IDR – 1000000 IDR per square meter. Both priority zones are considered as hotspot zones that need to be cooled 
down by adding green open space. Red zone covered in residential/urban area and bare land at Sungai Besar Village 
(sub-district of Banjarbaru Selatan), Komet Village, Mentaos Village, and Sungai Ulin Village (sub-district of 
Banjarbaru Utara), sand mining area in Landasan Ulin Selatan Village and shrubbed - herbaceous wetland and paddy 
field in Landasan Ulin Utara Village (sub-district of Liang Anggang), mined land in sub-district of Cempaka, and 
Syamsudin Noor Airport area (sub-district of Landasan Ulin). We recommend to build green open space based on 
these priority areas in order to prevent urban heat island in Banjarbaru City. The method in this study is expected to 
help the Indonesian Government in green open space planning and also to be applicable to other tropical cities. A 
further direct survey in the priority area is highly recommended to decide which green open space types suited the 
physical characteristic of the area. 
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4. Conclusion 
The green open space priority assessment is aimed to be applicable in tropical cities by considering vegetation 
density, temperature humidity index, population density, and land price data as indicators. The output in this method 
was the area which likely has sparse vegetation density, high THI value, high population, yet lower land prices to 
become the potential locations for new green open space. After applying this method in Banjarbaru City, we concluded 
the further green open space planning to be applied intensively in residential/urban area and bareland at Sungai Besar 
Village (sub-district of Banjarbaru Selatan), Komet Village, Mentaos Village, and Sungai Ulin Village (sub-district 
of Banjarbaru Utara), sand mining area in Landasan Ulin Selatan Village and shrubbed - herbaceous wetland and 
paddy field in Landasan Ulin Utara Village (sub-district of Liang Anggang), mined land in sub-district of Cempaka, 
and Syamsudin Noor Airport area (sub-district of Landasan Ulin). 
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